Association of Social Support and Cognitive Aging Modified by Sex and Relationship Type: A Prospective Investigation in the English Longitudinal Study of Ageing by Liao, J & Scholes, S
- 1 - 
 
Association of Social Support and Cognitive Aging Modified by Sex and Relationship Type: 
A Prospective Investigation in the English Longitudinal Study of Ageing 
Jing Liao
1,2
* and Shaun Scholes
3 
1
School of Public Health, Sun Yat-sen University, No.74 Zhongshan 2
nd 
Road, Guangzhou, P.R. 
China, 510080  
2
Sun Yat-sen Global Health Institute, Institute of State Governance, Sun Yat-sen University, 
No.135 Xingang West Road, P.R. China, 510275 
3
UCL Research Department of Epidemiology and Public Health, Faculty of Population Health 
Sciences, University College London, 1-19 Torrington Place, London WC1E 6BT 
* Correspondence to Jing Liao, PhD, liaojing5@mail.sysu.edu.cn, tel: +86-20-87330724, fax: 
+86-20-87330446, School of Public Health, Sun Yat-sen University, No.74 Zhongshan 2
nd 
Road, 
Guangzhou, P.R. China, 510080.  
 
Word count 
Abstract:  192; Text: 3500; Tables: 4; 
Web-Tables3, Web-Figures 4 
 
Running head: Support-cognition association by sex & relationship 
 
 
 
 
 
 
 
 
 
 
 
 
 
© The Author 2017. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health. This is 
an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0), which permits non-commercial re-use, distribution, and reproduction in any medium, 
provided the original work is properly cited. For commercial re-use, please contact journalpermissions@oup.com. 
OR
IG
IN
AL
 U
NE
DI
TE
D 
MA
NU
SC
RI
PT
 
- 2 - 
 
 
 
ABSTRACT 
We examined whether between-person differences (PM) and within-person change in levels of 
social support were associated with age-related cognitive decline, and whether these associations 
varied by sex and by relationship type. Executive function and memory scores over eight years 
(2002-2010) were analysed by mixture models (10,241 adults’ aged≥50 years) in the English 
Longitudinal Study of Ageing. PM and within-person change in positive social support and 
negative social support were independently associated with cognitive decline in different ways 
by sex and relationship type. Among men, higher-than-others positive social support from 
spouse/partner was associated with slower cognitive decline (executive function: βPM*time-in-study = 
0.005, 95%CI: 0.001, 0.010; memory: βPM*time-in-study = 0.006, 95%CI 0.000, 0.012); whereas high 
negative social support from all relationship types was associated with accelerated decline in 
executive function (all-relationships-combined: βPM* time-in-study = -0.005, 95%CI: -0.008, -0.002). 
For women, higher-than-others positive social support from children (β=0.037, 95%CI: 0.010, 
0.064) and friends (β=0.115, 95%CI: 0.081, 0.150) but not from spouse/partner (β=-0.034, 
95%CI: -0.059, -0.009) or extended family (β=-0.035, 95%CI: -0.064, -0.006) was associated 
with higher executive function. Associations between social support and age-related cognitive 
decline vary across different relationship types for men and women. 
 
 
Key words:  cognitive aging; longitudinal study; sex-specificity; social network; social support 
Abbreviations: ELSA: English Longitudinal Study of Ageing; PM: Person-Mean; WP: within-
person; CI: confidence interval.  
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Evidence suggests cognitive benefits of social relationships (1). Cognitive benefits however 
may be contingent upon the perceived quality of relationships, as negative social support but not 
positive social support from significant others has been shown to be associated with accelerated 
rates of cognitive decline (2).   
It is well known that men and women maintain social relationships differently, having 
different requirements and expectations of social support (3). Women have  more extensive 
social networks than men, and benefit from and be strained by providing and receiving social 
support from multiple sources (4, 5). Men maintain close relations with fewer people, primarily 
their spouse/partner (4), and receive most social support from intimate ties (6). Given that social 
relationships are formed by social partners with different degrees of closeness, the amount and 
type of social support transmitted may rely on the defined social ties (6, 7). Social support may 
be interpreted and handled source-specifically. Evidence also suggests that associations between 
social support and health vary by the source of support (8, 9). 
   Few epidemiological studies have investigated associations between social support and 
cognitive function separately by sex and by relationship type. Previous studies found that more 
social engagement, particularly with friends, was associated with better cognitive function (10) 
and lower cognitive decline (11, 12) for women only; while other studies did not find sex-
specific associations (13, 14). Potential variation in associations between social support and 
cognitive function across different relationship types have not been explored systematically. 
Furthermore, despite evidence that social support changes in later adulthood (15, 16), most 
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studies have only measured social support at a single time-point, hindering understanding of how 
changes in levels of social support influence age-related cognitive decline (17). 
There is a lack of evidence on how social support and cognitive function are associated 
longitudinally, and whether these associations differ by sex and by relationship type. To meet 
this gap, we explored the between-person and within-person associations of social support and 
cognitive function in a representative sample of English adults aged 50 years and above over an 
eight-year period. Our objectives were to examine (a) whether between-person differences and 
within-person change in levels of positive social support and negative social support were 
associated with age-related change in cognitive function, and (b) whether these associations were 
modified by sex and by relationship type.  
METHODS 
English longitudinal study of ageing 
   The English Longitudinal Study of Ageing (ELSA) is an on-going study of community-based 
adults aged ≥50 (18); 11,391 sample members (born before 29/2/1952) participated in Wave 1 
(2002-2003). Comparisons of the sociodemographic characteristics of Wave 1 participants with 
the national census indicated that the sample was broadly representative of the 
noninstitutionalized English population (18). Participants are followed up every two years and 
data collection consists of a face-to-face interview and self-completion questionnaire. Technical 
details of ELSA are reported elsewhere (19). The individual response rate at baseline was 67%; 
and 82% of Wave 1 respondents participated in Wave 2, 73% in Wave 3, 74% in Wave 4, and 
78% in Wave 5 (18). Our study was based on participants with at least one cognitive assessment 
from the first five waves. We excluded Wave 1participants with doctor-diagnosed Alzheimer’s 
or Parkinson’s disease, dementia, or serious memory impairment (n=126), participants with 
OR
IG
IN
AL
 U
NE
DI
TE
D 
MA
NU
SC
RI
PT
 
- 5 - 
 
missing cognitive function (n=397) and other covariate data (n=627), leaving an analytical 
sample of n=10,241 (executive function) and n=10,336 (memory). ELSA participants provided 
signed consent, and ethical approval was granted by the London Multi-Centre Research Ethics 
Committee. 
Measurement of cognitive function  
   Each wave included an interviewer-administered cognitive battery, which assessed several 
processes essential to daily functioning considered sensitive to decline with aging. The present 
study examined composite scores of executive function and memory as previous ELSA analyses 
(20, 21). (Web Appendix 1, Web Table 1 and Web Figure 1 at http://aje.oxfordjournals.org/). 
Executive function. The executive function index comprised verbal fluency and letter cancelation 
tasks. For verbal fluency, participants were asked to name as many members of a specific 
category (animals) as they could in 60s. For letter cancelation, participants were handed a page 
of randomly generated letters of the alphabet arranged in rows and columns, and were asked to 
cross out as many of the target letters (P and W) as possible within 60s. These two tasks formed 
3 scales, verbal fluency: the number of animals named (range, 0-8); letter cancelation: (a) speed 
processing: the number of letters reached (range, 0-7), and (b) visual search accuracy: the 
number of target letters missed (reverse recoded and categorized: range, 0-5). These were 
summed into a composite score (range, 0-20).  
Memory. The memory index comprised three tasks: time-orientation, verbal-learning (word-list 
learning), and prospective memory. These three tasks formed 4 scales: time-orientation: 
reporting the correct day, week, month, and year (range, 0-4); verbal-learning: immediate- and 
delayed-recall for a list of 10 everyday words (range, 0-10); and prospective memory: 
remembering to carry out a task [write initials on a clipboard at a certain point during the battery 
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after being instructed to do so earlier] (range, 0-3). These were summed into a composite score 
(range, 0-27). 
Measurement of social support 
   Questions on social support covered four relationship types: spouse/partner, children, friends, 
and extended family members. Three questions addressed positive social support: (1) how much 
they understand the way you feel about things; (2) how much they can be relied on if you have a 
serious problem; and (3) how much you can open up to them to talk about worries. Responses 
ranged from ‘not-at-all’ (scored 0) to ‘a lot’ (3): scores were summed for each relationship 
(range, 0-9), and summed into an overall score (range, 0-36). Three questions addressed negative 
social support: (1) how much do they criticize you; (2) how much do they let you down when 
you are counting on them; and (3) how much do they get on their nerves. Responses were scored 
as described for positive social support. Participants without the relevant social ties were scored 
zero. 
Covariates 
   Sex, age, socioeconomic status (highest educational attainment and wealth quintiles), and 
health factors assessed at Wave 1 were treated as covariates. The number of mobility limitations 
(range, 0-6) was derived from reported difficulties with six basic activities of daily living tasks 
(22). The number of depressive symptoms (range, 0-8) was assessed using the eight-item Centre 
for Epidemiologic Studies-Depression Scale (CESD-8) (23). 
Statistical analyses 
    To differentiate within-person and between-person associations for social support, two 
variables were derived from a single time-varying variable (17). Between-person associations 
were assessed using each participant’s average score across waves, centred at the grand mean 
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(hereafter referred to as the Person-Mean [PM] variable). Within-person associations were 
assessed by subtracting each participant’s wave-specific score from their average level (hereafter 
referred to as the Within-Person [WP] variable). Mixture models were used to estimate change in 
cognitive function scores as a function of time since baseline. The models contained Level-
1(WP) and Level-2 (PM) coefficients. WP coefficients describe variation in cognitive function 
scores as a function of change in each participant’s usual level of social support; PM coefficients 
describe variation in cognitive function scores as a function of the difference between 
participants in their average level. 
   Our modelling strategy was chosen a priori to answer our principal research questions. First, to 
examine whether between-person differences and within-person change in levels of social 
support were associated with cognitive function, we fitted models containing PM and WP, their 
interaction with time (time-squared was non-significant), and their cross-level interaction. 
Interaction with time allowed the rate of change in cognitive function scores to co-vary with 
levels of PM and WP. Cross-level interaction terms allowed the magnitude of WP associations to 
vary across PM levels. Second, to examine whether sex and relationship type modified the social 
support and cognitive function associations, we added the relevant interaction terms with sex, 
and fitted relationship-specific models. Each model contained a random intercept and random 
slope, and included adjustments for socioeconomic status, depression, and mobility limitations, 
plus their interaction with time. Wave 1 weights were used to ensure that the sample was 
representative of the community-dwelling English population aged ≥50 at baseline. We assessed 
impact of attrition bias on the robustness of our findings by repeating analyses on the subset of 
n=5,079 participants who took part in all 5 waves, using a weighting variable that has adjusted 
for attrition since Wave 1. We also tested the extent to which retest effects would affect our 
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results via further adjustment for the number of cognitive tests. Data was analyzed using Stata 
13.1 (StataCorp LP, College Station, Texas). Statistical significance tests were based on 2-sided 
probability (P<0.05). 
RESULTS 
   Socio-demographic characteristics and summary statistics for cognitive function and social 
support are shown by study wave in Table 1. On average, there were small increases over time in 
cognitive function scores and in both positive social support and negative social support. Mean 
age at Wave 1 was 64.6years. Fewer than half of participants were male (46.7%), and over one-
third had no formal educational qualifications (41.2%). The mean number of depressive 
symptoms and mobility limitations decreased slightly. 
Social support and cognitive function 
For the social support measures combined across all relationship types, Table 2 shows the 
multivariable-adjusted PM- and WP-coefficients, their interaction with time-in-study, and their 
cross-level interaction, for executive function (upper panel) and memory (lower panel). 
Participants with higher PM positive social support showed higher initial executive function (β = 
0.017, 95% confidence interval (CI): 0.009, 0.026), and slower decline in memory (β = 0.004, 
95% CI: 0.002, 0.006). WP positive social support was non-significantly associated with baseline 
memory scores, but a positive association became significant over time (β = 0.004, 95% CI: 
0.001, 0.007), suggesting a more positive slope for participants with higher-than-usual level of 
positive social support. In contrast, higher WP negative social support was associated with 
higher memory scores (β = 0.018, 95% CI: 0.003, 0.033). This association was weaker for 
participants with higher PM negative social support, indicated by the cross-level interaction term O
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(β = -0.002,95% CI: -0.004, 0.000). Higher PM negative social support was associated with 
lower baseline memory scores (β = -0.029, 95% CI: -0.046, -0.012), but not the rate of change. 
Cognitive function by sex and by relationship type 
Sex-specific associations are presented in Web Table 2 (available at 
http://aje.oxfordjournals.org/). Faster declines in executive function were observed for men with 
higher PM negative social support (β = -0.005, 95% CI: -0.008, -0.002) but not for women (β = 
0.001, 95% CI: -0.002, 0.004; P for interaction with sex < 0.01). Moderation by sex was also 
observed in the associations between higher WP negative social support and baseline executive 
function (P for interaction< 0.01) and rate of change (P for interaction< 0.05), showing a decline 
in scores for women (β = -0.006, 95% CI: -0.011, -0.002) but not for men (β = 0.001, 95% CI: -
0.004, 0.006). Results for memory were similar for both sexes (P’s for interaction with sex > 
0.05). 
The estimated associations between social support and cognitive function stratified by 
relationship type are shown in Table 3 (executive function) and Table 4 (memory). Web 
Appendix 2 (available at http://aje.oxfordjournals.org/) visualize the relationship-specific mean 
trajectories distinguished on the basis of profiles that differ by one unit according to differences 
between-persons in average levels (PM = 0 and 1) and within-person change in their usual level 
(WP = 0 and 1) of social support, with all other covariates held constant.  
Executive function. As shown in Table 3, among men, executive function scores varied by social 
support from spouse/partner, showing higher initial levels (β = 0.037, 95% CI: 0.008, 0.066) and 
slower decline (β = 0.005, 95% CI: 0.001, 0.010) for participants with higher PM positive social 
support (Web Figure 2A) and lower PM negative social support (β = -0.012, 95% CI: -0.022, -
0.002) (Web Figure 2C). Decline in executive function was faster among men with higher PM 
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negative social support from children (β = -0.009, 95% CI: -0.018, 0.000), from extended family 
members (β = -0.009, 95% CI: -0.018, 0.000), and from friends (β = -0.017, 95% CI: -0.027, -
0.006) (Web Figure3C-5C). Among women, higher initial levels of executive function were 
associated with lower PM positive social support from spouse/partner (β = -0.034, 95% CI: -
0.059, -0.009) and from extended family members (β = -0.035, 95% CI: -0.064, -0.006). In 
contrast, higher initial levels of executive function were associated with higher PM positive 
social support from children (β = 0.037, 95% CI: 0.010, 0.064) and from friends (β = 0.115, 95% 
CI: 0.081, 0.150) (Web Figure 2B-5B). Women reporting higher WP negative social support 
from extended family members (β = 0.088, 95% CI: 0.041, 0.135) and from friends (β = 0.062, 
95% CI: 0.008, 0.115) showed higher initial executive function scores, but higher WP negative 
social support from extended family members was also associated with faster decline (β = -
0.013, 95% CI: -0.023, -0.004) (Web Figure 4D and 5D). 
Memory (Table 4). Among men, higher PM positive social support from spouse/partner was 
associated with slower decline in memory scores (β = 0.006, 95% CI: 0.000, 0.012) (Web Figure 
2E). Men reporting higher PM negative social support from extended family members (β = -
0.138, 95% CI: -0.201, -0.076) and from friends (β = -0.108, 95% CI: -0.185, -0.032) showed 
lower initial memory scores (Web Figure 4G and 5G). Among women, higher PM positive social 
support from spouse/partner was associated with lower baseline scores (β = -0.063, 95% CI: -
0.094, -0.031), but this association diminished over time (β = 0.009, 95% CI: 0.004, 0.015) (Web 
Figure 2F), and was weaker for participants with higher PM positive social support (β = 0.025, 
95% CI: 0.007, 0.043). Higher memory scores were also associated with lower PM negative 
social support from children (β = -0.093, 95% CI: -0.156, -0.030) (Web Figure 3H) and with O
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higher PM positive social support from friends (β = 0.119, 95% CI: 0.073, 0.164) (Web Figure 
5F). 
    Similar associations between social support and age-related cognitive decline were found for 
analyses limited to the subsample of participants with complete data in all 5 waves and analyses 
adjusted for retest effects (Web Tables 3-6, available at http://aje.oxfordjournals.org/). 
DISCUSSION 
    Using five waves of data spanning an eight-year period, we examined the longitudinal 
associations between social support and cognitive function by sex and relationship type. We 
found that participants reporting higher positive social support and lower negative social support 
than others had higher cognitive scores and slower decline in memory, as did participants 
reporting higher-than-their-usual level of positive social support. Higher-than-usual negative 
social support was associated with higher executive function, but this association was weaker for 
participants with higher than average levels of negative social support. In addition, our findings 
indicate sex-specificity in the associations between social support and age-related cognitive 
decline, often contingent upon relationship type. By and large, for men, higher-than-others 
positive social support from spouse/partner and lower negative social support from all types of 
relationships were associated with higher cognitive function and slower cognitive decline. 
Among women, positive social support from children and from friends, but not from 
spouse/partner or from extended family members, was positively associated with cognitive 
function. 
Longitudinal associations between social support and cognitive function 
Our first objective examined whether between-person differences and within-person change 
in levels of social support were associated with age-related changes in cognitive function. In 
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agreement with previous studies (24),  we found that higher-than-others positive social support 
(i.e. between-person difference) was associated with better cognitive function and slower decline 
in memory. Higher-than-usual positive social support (i.e. within-person change) was associated 
with slower decline in memory, independent of individuals’ stable levels. Our findings 
demonstrate that both between-person differences and within-person change in positive social 
support are independently related to cognitive decline. Potential explanations include the stress-
buffering character of positive social support that facilitates the maintenance of homeostasis, 
benefitting cognitive function and health (25, 26). Reverse causation is also possible. Higher 
cognitive function promotes effective management of interpersonal relationships, leading to 
positive perceptions of one’s social exchanges (27).We also found that higher-than-others 
negative social support across all relationship types was consistently associated with accelerated 
cognitive decline for men. This finding is in agreement with other studies of cognitive function 
in middle-aged and older adults (2, 28).On the other hand, the positive association between 
higher-than-usual negative social support and cognitive function obtained from the present study 
may be due to reverse causation. Higher-than-usual levels of executive function on a certain 
occasion may enable persons to engage in more complex social interactions, increasing the 
frequency of negative social exchanges (24, 29).  
Social support and cognitive function by sex and relationship type 
Our second objective examined whether the social support and cognitive function 
associations were modified by sex and by relationship type. Sex differences in associations 
between social support and cognitive function have been reported by some (10-12) but not all 
studies (13, 14). In the present study, for men, higher-than-others positive social support and 
lower-than-others negative social support from their spouse/partner were associated with better 
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cognitive function and slower cognitive decline; for women, higher-than-others positive social 
support from their spouse/partner was negatively associated with cognitive function, but the 
association with memory weakened over the follow-up period. Previous research has shown that 
the degree of health benefits from marriage/partnership differ by sex (30). Relying on their 
spouse/partner as the main resource for social support, the quality and stability of intimate social 
ties are more instrumental for cognitive maintenance (31) and health (32, 33) for men than for 
women. Women are more sensitive to appraisals of partnership quality (34, 35), and exchange 
social support with a wider range of social partners than men (8, 9). In the present study, higher-
than-others positive social support from children and from friends was associated with better 
cognitive function for women. This is consistent with other studies (10-12) in which friendships 
were protective against cognitive decline for women but not for men. Our  finding may indicate 
that positive exchanges from social ties beyond the spouse and immediate family may be 
particularly cognitively stimulating for women (12). It is also possible that women with high 
cognitive skills are more capable of managing friendships, thereby requiring less social support 
from more intimate social relationships. 
 
Strengths and limitations 
Strengths of our study include its sample size, multiple and detailed assessments of cognitive 
function and social support from a range of social relationships, enabling exploration of sex- and 
relationship type-specific associations between social support and cognitive function over five 
waves of a longitudinal cohort representative of English older adults.  
The present study has a number of limitations. Our measures of social support were self-
reported, so the information may have been influenced by participants’ personality traits. 
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However, self-reporting may be the best method to capture participants’ subjective interpretation 
of the social support they perceived. Loss to follow-up is another limitation. As the length of 
follow-up increases, participants remaining in longitudinal studies of older populations 
inevitably become progressively healthier, more socially connected and have higher levels of 
cognitive function than those who left the study (36). The consistency between our main analysis 
findings and the supplementary analyses based on participants who took part at all five waves 
suggests that non-response bias has not materially influenced our results. Examination of retest 
effects indicates that the estimated rates of cognitive decline shown in our main analyses was 
reduced due to repeated cognitive assessments. Nevertheless, additional adjustments for retest 
effects did not alter the main associations of interest. Thus our findings are likely to be 
generalizable to healthy older adults, and our estimates might reflect conservative estimates of 
the range of cognitive decline over the eight-year period, with a reduced statistical power to 
detect strong associations between social support and cognitive decline. 
The multiple associations tested in the present study would have inflated our chance of making 
Type I errors. But we only reported the findings consistent to both domains of cognitive function 
in relation to each relationship type. As assessments of social support and cognitive function 
were conducted at the same time period findings obtained here may involve reverse causation. 
Our study thus mainly indicates how social support and cognitive function coevolve over time, 
and do not definitively show the direction of these associations. Finally, although we adjusted 
our estimates for a range of covariates, there remains the problem of residual confounding that is 
common to all observational studies. 
In conclusion, both between-person differences and within-person change in levels of positive 
support and negative support were independently associated with age-related changes in 
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cognitive function. The associations between social support and cognitive decline were not 
derived equally from different relationship types for men and women. In line with the findings of 
previous studies (2, 11, 28, 37), the current study found that the associations between social 
support and cognitive function were moderate in magnitude. However, as an important 
component of healthy aging, social support should still be considered in any comprehensive 
intervention to slow cognitive decline in old age (38). The longitudinal evidence of the complex 
social support and-cognitive function associations provided by this study might guide both future 
research efforts and intervention strategies designed to maximise the benefits of social support 
for successful cognitive aging. 
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Table 1. Cognitive Function and Levels of Positive and Negative Social Support, and Demographic Characteristics for Participants aged 50 
years or older (n = 10,241) by Study Wave, English Longitudinal Study of Ageing, 2002/2003 – 2009/2010 
 
 Wave 1 
 (n=9,764) 
Wave 2 
(n=7,437) 
Wave 3 
(n=6,111) 
Wave 4 
(n=5,010) 
Wave 5  
(n=5,071) 
Sample characteristic Mean  
(SD) 
% Mean 
(SD) 
% Mean 
(SD) 
% Mean 
(SD) 
% Mean 
(SD) 
% 
Executive function 9.9 (3.3)  10.1 (3.3)  10.2 (3.3)  10.4 (3.3)  10.4 (3.3)  
Memory 15.0 (4.2)  15.8 (4.2)  16.0 (4.3)  16.1 (4.2)  16.2 (4.2)  
Positive support 22.2 (7.0)  22.5 (6.7)  22.6 (6.7)  22.7 (6.5)  22.8 (6.6)  
Negative support 6.4 (4.3)  6.5 (4.1)  6.5 (4.0)  6.6 (4.0)  6.7 (4.0)  
Age, years 64.6 (10.2)  66.1 (9.7)  67.5 (9.3)  68.6 (8.8)  70.0 (8.3)  
Male sex  46.7  46.2  46.2  45.9  45.8 
Low level of education  41.2  37.6  35.7  33.8  32.4 
Lowest quintile of wealth  18.5  16.8  15.9  15.6  15.5 
Depressive symptoms (CESD-8) 1.5 (1.9)  1.4 (1.9)  1.4 (1.8)  1.3 (1.8)  1.3 (1.8)  
Difficulty with activities of daily living 
(ADLs) 
0.4 (0.9)  0.3 (0.9)  0.3 (0.8)  0.3 (0.8)  0.3 (0.7)  
Abbreviations: SD: standard deviation; CESD-8: Centre for Epidemiologic Studies Depression Scale. 
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Table 2. Results From Linear Mixed Models of the Between-Person (PM) and Within-Person (WP) Associations for Levels of Positive and 
Negative Social Supporta and Cognitive Aging Trajectories (Executive Function and Memory), English Longitudinal Study of Ageing, 2002/2003 
– 2009/2010 
 
 Positive Support Negative Support 
Time-varying support β 95% CI P β 95% CI P 
 Executive Function (n=10,241) 
Between-person        
PM 0.017 0.009, 0.026 <0.001 -0.006 -0.020, 0.009 0.436 
PM × Time Slope 0.000 -0.001, 0.002 0.577 -0.002 -0.004, 0.000 0.089 
Within-person       
WP 0.007 -0.004, 0.018 0.186 0.018 0.003, 0.033 0.022 
WP × Time Slope 0.000 -0.002, 0.003 0.698 -0.003 -0.006, 0.000 0.068 
Interaction       
PM × WP 0.000 -0.001, 0.001 0.581 -0.002 -0.004, 0.000 0.045 
 Memory (n=10,336) 
Between-person       
PM 0.007 -0.004, 0.017 0.209 -0.029 -0.046, -0.012 0.001 
PM × Time Slope 0.004 0.002, 0.006 <0.001 0.000 -0.003, 0.003 0.928 
Within-person       
WP -0.004 -0.020, 0.011 0.568 0.012 -0.009, 0.034 0.260 
WP × Time Slope 0.004 0.001, 0.007 0.020 -0.001 -0.006, 0.003 0.626 
Interaction       
PM × WP 0.000 -0.001, 0.002 0.728 0.000 -0.004, 0.003 0.751 
Abbreviations: CI: confidence interval; PM: Person-Mean; WP: Within-Person 
aPer 1-unit increase. Adjustment for time; time-squared; age; age-squared; gender; highest educational attainment; total wealth quintile; number of 
depressive symptoms; number of mobility limitations (plus interactions with time-in study) 
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Table 3. Results From Linear Mixed Models of the Between-Person (PM) and Within-Person (WP) Associations for Levels of Source-
Specific Positive and Negative Social Supporta and Executive Function, English Longitudinal Study of Ageing, 2002/2003 – 2009/2010 
 
 Spouse / partner Children Family members Friends 
Time-varying 
support 
β 95% CI P β 95% CI P β 95% CI P β 95% CI P 
 Men 
Positive Support                 
PM 0.037 0.008, 0.066 0.011 0.059 0.030, 0.088 <0.001 -
0.029 
-0.061, 
0.003 
0.078 0.026 -0.011, 0.063 0.173 
PM × Time 
Slope 
0.005 0.001, 0.010 0.024 -
0.001 
-0.006, 
0.003 
0.634 -
0.001 
-0.006, 
0.005 
0.836 0.000 -0.006, 0.006 0.895 
WP 0.053 0.002, 0.104 0.041 0.013 -0.040, 
0.066 
0.637 0.011 -0.025, 
0.048 
0.553 -
0.022 
-0.066, 0.023 0.335 
WP × Time 
Slope 
-
0.004 
-0.015, 
0.007 
0.490 -
0.006 
-0.018, 
0.006 
0.359 0.000 -0.008, 
0.008 
0.960 0.004 -0.006, 0.013 0.470 
PM × WP 0.011 -0.003, 
0.026 
0.128 -
0.017 
-0.033, -
0.001 
0.038 0.007 -0.004, 
0.019 
0.226 0.006 -0.007, 0.020 0.366 
Negative support                 
PM -
0.013 
-0.074, 
0.048 
0.670 0.037 -0.018, 
0.092 
0.192 -
0.032 
-0.086, 
0.022 
0.242 -
0.034 
-0.099, 0.031 0.306 
PM × Time 
Slope 
-
0.012 
-0.022, -
0.002 
0.018 -
0.009 
-0.018, 
0.000 
0.039 -
0.009 
-0.018, 
0.000 
0.043 -
0.017 
-0.027, -
0.006 
0.002 
WP 0.011 -0.060, 
0.082 
0.761 -
0.015 
-0.075, 
0.044 
0.618 -
0.015 
-0.068, 
0.038 
0.571 -
0.004 
-0.062, 0.053 0.879 
WP × Time 
Slope 
0.000 -0.014, 
0.014 
0.978 0.001 -0.012, 
0.013 
0.913 0.002 -0.009, 
0.013 
0.719 -
0.001 
-0.013, 0.010 0.846 
PM × WP -
0.011 
-0.041, 
0.018 
0.456 0.008 -0.016, 
0.032 
0.498 -
0.001 
-0.020, 
0.019 
0.935 -
0.001 
-0.026, 0.024 0.945 
 Women 
Positive Support                 
PM -
0.034 
-0.059, -
0.009 
0.007 0.037 0.010, 0.064 0.007 -
0.035 
-0.064, -
0.006 
0.020 0.115 0.081, 0.150 <0.001 
PM × Time 
Slope 
-
0.001 
-0.005, 
0.002 
0.518 0.000 -0.004, 
0.004 
0.878 0.001 -0.004. 
0.005 
0.753 -
0.003 
-0.009, 0.002 0.276 
WP - -0.051, 0.837 0.030 -0.023, 0.263 0.015 -0.017, 0.368 0.001 -0.037, 0.039 0.952 
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0.005 0.042 0.084 0.047 
WP × Time 
Slope 
0.006 -0.003, 
0.016 
0.199 -
0.003 
-0.014, 
0.008 
0.594 -
0.001 
-0.008, 
0.005 
0.694 0.005 -0.003, 0.014 0.221 
PM × WP -
0.001 
-0.015, 
0.013 
0.860 -
0.005 
-0.022, 
0.012 
0.567 0.001 -0.010, 
0.011 
0.899 -
0.006 
-0.017, 0.006 0.338 
Negative Support                 
PM -
0.029 
-0.079, 
0.021 
0.252 -
0.026 
-0.077, 
0.026 
0.325 -
0.046 
-0.095, 
0.002 
0.063 -
0.045 
-0.107, 0.018 0.160 
PM × Time 
Slope 
0.006 -0.002, 
0.013 
0.132 0.000 -0.008, 
0.008 
0.979 0.005 -0.003, 
0.013 
0.220 0.006 -0.015, 0.004 0.275 
WP 0.031 -0.032, 
0.094 
0.335 0.004 -0.052, 
0.061 
0.876 0.088 0.041, 0.135 <0.001 0.062 0.008, 0.115 0.024 
WP × Time 
Slope 
-
0.011 
-0.022, 
0.000 
0.059 -
0.002 
-0.013, 
0.010 
0.791 -
0.013 
-0.023, -
0.004 
0.007 -
0.010 
-0.021, 0.001 0.069 
PM × WP 0.001 -0.021, 
0.023 
0.954 -
0.010 
-0.033, 
0.012 
0.374 -
0.014 
-0.031, 
0.003 
0.114 -
0.002 
-0.029, 0.025 0.903 
Abbreviations: CI: confidence interval; PM: Person-Mean; WP: Within-Person 
aPer 1-unit increase. Adjustment for time; time-squared; age; age-squared; gender; highest educational attainment; total wealth quintile; number of 
depressive symptoms; number of mobility limitations (plus interactions with time-in study) 
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Table 4. Results From Linear Mixed Models of the Between-Person (PM) and Within-Person (WP) Associations for Levels of Source-
Specific Positive and Negative Social Supporta and Memory, English Longitudinal Study of Aging, 2002/2003 – 2009/2010 
 
 Spouse / partner Children Family members Friends 
 β 95% CI P β 95% CI P β 95% CI P β 95% CI P 
 Men 
Positive 
Support 
                
PM 0.015 -0.020, 
0.049 
0.406 0.033 -0.002, 
0.068 
0.065 -
0.050 
-0.090, -
0.010 
0.014 0.037 -0.008, 
0.082 
0.110 
PM × Time 
Slope 
0.006 0.000, 
0.012 
0.046 0.004 -0.002, 
0.009 
0.233 0.004 -0.003, 
0.011 
0.259 0.001 -0.007, 
0.009 
0.851 
WP -
0.035 
-0.106, 
0.036 
0.333 -
0.009 
-0.082, 
0.064 
0.810 -
0.022 
-0.072, 
0.027 
0.370 0.031 -0.028, 
0.090 
0.297 
WP × Time 
Slope 
0.007 -0.008, 
0.023 
0.354 0.000 -0.016, 
0.016 
0.971 0.007 -0.004, 
0.017 
0.209 -
0.006 
-0.018, 
0.007 
0.380 
PM × WP 0.011 -0.012, 
0.033 
0.347 -
0.010 
-0.031, 
0.012 
0.384 0.010 -0.007, 
0.027 
0.238 -
0.011 
-0.029, 
0.007 
0.226 
Negative 
support 
                
PM -
0.055 
-0.126, 
0.016 
0.129 -
0.050 
-0.115, 
0.015 
0.130 -
0.138 
-0.201, -
0.076 
<0.001 -
0.108 
-0.185, -
0.032 
0.005 
PM × Time 
Slope 
-
0.005 
-0.018, 
0.007 
0.395 0.002 -0.010, 
0.013 
0.775 0.005 -0.007, 
0.017 
0.399 -
0.013 
-0.027, 
0.000 
0.059 
WP -
0.031 
-0.131, 
0.069 
0.541 0.021 -0.066, 
0.108 
0.641 -
0.007 
-0.081, 
0.066 
0.844 -
0.038 
-0.120, 
0.044 
0.362 
WP × Time 
Slope 
-
0.002 
-0.021, 
0.017 
0.816 -
0.002 
-0.020, 
0.015 
0.805 -
0.002 
-0.017, 
0.012 
0.752 0.003 -0.014, 
0.019 
0.743 
PM × WP -
0.006 
-0.043, 
0.032 
0.771 -
0.010 
-0.042, 
0.023 
0.561 0.034 0.008, 
0.059 
0.011 0.001 -0.037, 
0.040 
0.947 
 Women 
Positive 
Support 
                
PM -
0.063 
-0.094, -
0.031 
<0.001 -
0.006 
-0.040, 
0.027 
0.716 -
0.018 
-0.054, 
0.019 
0.349 0.119 0.073, 
0.164 
<0.001 
PM × Time 0.009 0.004, 0.001 0.005 -0.001, 0.115 0.007 0.000, 0.037 0.006 -0.002, 0.137 
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Slope 0.015 0.010 0.013 0.014 
WP 0.017 -0.045, 
0.079 
0.592 0.062 -0.009, 
0.133 
0.087 -
0.012 
-0.055, 
0.031 
0.591 0.020 -0.033, 
0.073 
0.462 
WP × Time 
Slope 
0.011 -0.001, 
0.024 
0.077 0.001 -0.014, 
0.017 
0.846 0.002 -0.007, 
0.011 
0.684 0.004 -0.008, 
0.016 
0.478 
PM × WP 0.025 0.007, 
0.043 
0.007 -
0.003 
-0.025, 
0.020 
0.828 0.009 -0.005, 
0.024 
0.203 0.015 -0.003, 
0.033 
0.095 
Negative 
Support 
                
PM -
0.047 
-0.108, 
0.015 
0.136 -
0.093 
-0.156, -
0.030 
0.004 -
0.035 
-0.096, 
0.025 
0.254 0.016 -0.061, 
0.093 
0.684 
PM × Time 
Slope 
-
0.002 
-0.012, 
0.009 
0.776 -
0.002 
-0.013, 
0.009 
0.718 0.001 -0.009, 
0.012 
0.797 -
0.002 
-0.016, 
0.013 
0.820 
WP 0.073 -0.013, 
0.160 
0.094 0.060 -0.020, 
0.140 
0.139 0.051 -0.014, 
0.116 
0.122 0.044 -0.029, 
0.117 
0.236 
WP × Time 
Slope 
-
0.004 
-0.021, 
0.012 
0.598 -
0.011 
-0.026, 
0.005 
0.176 -
0.005 
-0.018, 
0.007 
0.401 -
0.003 
-0.018, 
0.013 
0.736 
PM × WP -
0.014 
-0.045, 
0.017 
0.367 0.011 -0.020, 
0.041 
0.495 0.006 -0.018, 
0.029 
0.639 -
0.015 
-0.055, 
0.025 
0.456 
Abbreviations: CI: confidence interval; PM: Person-Mean; WP: Within-Person 
aPer 1-unit increase. Adjustment for time; time-squared; age; age-squared; gender; highest educational attainment; total wealth quintile; number of 
depressive symptoms; number of mobility limitations (plus interactions with time-in study) 
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